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Smoke Is a growing issue

More fire
Increasing wildfires, WFU and RXx fires

Decreased public acceptance of smoke
More health awareness, encroachment (WUI)

Tightening regulations
NAAQS standards (PM, : & O,), regional haze
rule, exceptional events standards



There Is more we can do - now

Smoke Tools are inherently technology dependent
Even more so than weather forecasts

WEATHER
FIRE INFO PREDICTIONS

I

SMOKE TRAJECTORIES and
CONCENTRATIONS

Too technological to be done on desktops/laptops

But technology has advanced massively
Now we have the world-wide web



The State of Smoke Tools

USER DECISION

MODEL +
O S INTERFACE SUPPORT APP

Technology Development Progression
Emergent Mature
few, user choices,
‘silos’, inter-operability,
confusing ease of use




National Smoke Products

National Weather Service "L
 smoke only (12-km) & ag (36-km) \l

4%"
- ‘[5', ﬁ.,ﬂ

ZZZZZZZZZZ

STI ¢

) All based on the modular
B BlueSky Smoke Modeling Framework é
developed by the USFS, STI, & partners w’

FCA

. reglonal hi-res (4 km)

e national 12-km 3-day
(based on NWS NAM)

 national 36-km 7-day
(based on NWS GFS)




| essons Learned

Long-range transport U.S. Fire Repojr’t Locations
looks good, '

Underprediction of .
ground concentrations . .

Fire Information is
of poor quality

Models differ
substantially

Plume rise needs
fixing




SMARTFIRE:

Reconciled fire data

e Ground reports

e Satellite fire detects
(NOAA HMS)

e EXpert users
(IC Teams)

6/23/05

IIIIIII

Daily FirePerimeter
FireEnvelope0623

20 Kilometers
|||||||||




The BlueSky Framework:

Logical, Modular Steps from Fire Info to Smoke Impacts

Al Meteorological
Info Input
SMARTFIRE Ve
ICS-209
Rx Sy Fuels WRE
Manual —ocs HQQR
Oth
o NFDRS Total _ Other
Hardy Consumption
LANDFIRE CONSUME 3
Ag* 1
O%her FOFEM Time
FEPS Rate
EPM
ClearSky (Ag)* Rx /| WF o
Satellite* FEPS Emissions
Other FOFEM
iy FEPS
WRAP
Idealized Literature* PlL_Jme
Manual EPM Rise
Other FOFEM —— - -
Other e . | Dispersion/
Daysmoke** | Trajectories
Other CalPuff
E ST' HYSPLIT
/ Currently over 1296 different paths! %%

GEMAQ**




Smoke and Emissions
Model Inter-comparison Project
(SEMIP)

Just funded

v

MET INFO FIRE INFO

Phase 1 Models

FIRE GROWTH by Qutput Type

MODEL STEPS

NFDRS, FCCS, Hardy,

FUEL LOADING LANDFIRE

TOTAL
CONSUMPTION

e e
EMSSIONS E EMISSIONS s e
TIME RATE

(HOURLY) EMISSIONS

PLUME RISE
—

Large-scale,
Inclusive

CONSUME, EPM, FEPS,
FOFEM, Satellite

FEPS, EPM, FOFEM,
WRAP, Satellits

Based on other
“MIPS”

Briggs, Daysmoke

SMOKE
TRANSPORT
SMOKE
v CHEMISTRY

Calpuff, HYSPLIT, CMAQ
SMOKE WRF-Chem, PB-PDMT, VSMOKE |

© SEMIPPHASE1




Plume Rise

* Fires are currently
modeled as single
plumes, lofting
smoke
unrealistically high
and lowering ground
Impacts

* In reality, fires are
made of many
burning areas lofting
smoke to various
heights




Southern Califqrnigiires 2007

v

1000.0

» asked by USDA for data

« supplemented other . .
sources (e.g. NWS)

« SMARTFIRE
(HMS&ICS) fire info I

« CMAQ and CALPUFF ...
model outputs o]
{uﬁedm 8.0
* Used: &)
internally by USFS fire

resource managers, ugim3

CMAQ PREDICTED PM2.5

Synopsis:
Southearly winds aloft will
f spread smoke from the
wildfires across much of
California aned Nevada.
Air quality will potentially
be impacted in several
cities.

Air Quality Index:

@ Good

O Moderate

@ Unhealthy for
Sensitive Groups

@ Unhealthy

@ Very Unhealthy

1 @ Hazardous

@ Not Available

O Projected particle
pollution - Friday

! Q Projected particle
F poflution -

Saturday
—_—
HYSPLIT trajectories

in Smog Stories and press
releases by USDA & AirNow;
on White House conf call




Northern California Fires 2008

State of Emergency / Presidential Declaration
Enormous Smoke Impacts (> 5 million people affected)

USFS AirFire Team & Partners (STI, DRI) asked to develop
prototype ESRS by Region 5

Federal / Private / University partnership

Rapid Response basis



Emergency Smoke Response System:
Experimental Predictions

( Forecast }—{ Model Output J={ Monitoring )

FOCUS:

1. Additional monitoring

2. Higher resolution

3. On-the-fly trajectories

4. Other species (e.g. Ozone)

5. Smoke apportionment by source fire

6. Provide Forecasts
expert interpreted forecast text and graphics



Very High Resolution

»

CANSAC MM5 Realtime: Domain 4 (1.33 km) Init: 0000 UTC Fri 19 Sep 08
Fezt: 24,00 Valid: 0000 UTC Sat 20 Sep 08 (1700 PDT Fri 19 Sep 08)
Mixing Height sm= 2
. . Harizontal wind vectors at height = 0.01 km sm= 1
High resolution (1.33
124 W 120 W
km) meteorology and T ———— F—————————
: , 240 . By SEEEL e
: AN o St E
smoke dispersion Sl e e
: f F‘f’///',rff/‘ﬁ/f//'fr‘/%i'/’/ E
220 | D R RN RN
N NS S A 8500
. . ‘ 3 5 :: f//‘/,-,-ﬂ////;}/‘/?fﬁ {)‘/}?{
For both fire behavior 200 BR S R e &Y ¢ "
it = - = A <
1 1 :. B \ - _wx_y_.—/r/i . L
and air quality 460 | e S s I
- 4y o
' s . E
. 160 | Sy S vy Bk
Winds, temperature, , Crg 1 T éﬂ
xing hei i v B
RH, mixing height, . a5 AR A2
- aiPsl ff’?f}fﬂ/”?’/f L 2200
and smoke PM, . 120 | ~ ey
- /f ' : = H 1500
100 § ot
J i t . ~t 7z 1000
ava animations 7 A 1o
' - 80 F S
available online i
80 P
| TIIIIIIIN 70
40 f _— _ ; : T 150
=20 75
A AP w1 s idn v o oo o o o 1 sl [THall A ..M-.’;'E
20 40 60 B0 100 120 140 160 180 200 220 240 a
i

MAMUM VECTOR: 155 mi hr?! — .
Madel info: ¥3.%.3 No Cumnulus Eta PBL  Simple ice 1 lm, 91 levels, 4 sec Desert Research Institute



On Demand Trajectories

' * BlieSky Gateway - SMART... ¢ WEp

= C || 9% http:/iwaw.getbluzsky.org/smartiire/dataviewer/ndex.cfm

ptions = Tool Options Q {n.? 4 :: Ij ﬁ 5‘ I;l

v

5]
» O~ K-
B

Sfanielaive AF

Legend

A Wa CreekRark T A Ocoth Memcrial State Mark Le E'I'Id
Trajectory Parameters Po—— LA P R g
Start Hour B NE - -

I 177 j . Modeled Fire Locations
Hours & 1. N . 100 acres or lass

e

|4B}'r Forward ) Ak _E_:a-WaII::nw{:nmplex - " 100 - 500 scres
Height {m a! et L _r - A 500 - 5000 acres

100 m | 66 NP N\ A more than 3000 acres
Trajectory cluster 7 SacAmant? ®  I1CS-209 Reports

. - = i
I Cieate trajestory clusters Six Rivers Miige ﬂ‘ y » HMS Fire Detects
Label TS : Sl W&  Daily Fire Perimeters
(Only eppedrs wihen map scalke - -
iz lcaa than 22 i) : VTR ioWii- Shasia- Tanky W W Fire Event Feotprints
[ Hour hwaler Park ror & Alps Complexos L, I"'
: i Lafour SF Lassan NF

' Heigtt (m agl) - A

P[Ess,u re (mb} J Lassan Volzanc NF Newada
& Mone Hun o Redwoodglare Pak N

il
CUB Complex
Source: Taa > Plurias NF
HOAS HYSPLIT nodel Al
HAM/NDAS rodelz [40<m) o i 'ﬁf”“ g NE o
Most Recent: 19 Sep 2008 122 s IS
Mutel verlica velucly o
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Ozone

Daily 36-km air
guality model

Includes fires, other
sources, and
photochemistry

(experimental onlé/%

CMAQ OZ

20080710 002 run
STI-NASA-USFS Experimental Realtime Modeling System

600.0 112

CMAQ PEAK 8 HOUR AVERAGE OZ0ONE

20080710 00z run

STI-NASA-USFS Experimental Realtime Modeling System

450 .ﬂ 3000 112 T— =

3750

115.0

135.0

110.0

90.0

80.0

70.0 July 10,2008 0:00:00
. Min=19.6 at (81.27). Max-180.9 at (19,62)

50.0
30.0
5.0

0.0 1
ppb

July 12,2008 0:00:00 (EST)

bdin— NN at MY AEY kdaw—_110 7 o M1 &My



| Smoke Contribution
July, 10 2008

PM:zs emissions

Smoke

Exposure

24-hr Average PMzs
(ugm®)

Contribution | o J
Map o

Sacramento;

Combines modeled emissions
and transport to determine
which fires are likely to
contribute to unhealthy air

i §i- |
W { Exposure Eslimates J
i ; Total California Population = 55 mg/m3 5.2 million
i Data S0
Transport Density Modsled PAfe s surfucs and smissions: BlusSky Gateway ) Total Galiforia Population > 35 mg/m3 11.9 million
Source attribution estimates: HYSPLIT trajectory model 1'% o| Total California Sensilive Ages* = 35 ug/im3 1.3 million
:[ 0-0.1 g:gemﬁ:;n&nzlg?aeggl i L * Populations <5 or 65 years of age
Primary sources of smoke at selected locations (estimated percentage)
i:l 01-02 Fire or Complex Chico  Eureka  Modesto  Sacramento salinas SF Tahoe Ukiah
Hell's Half Complex 2 52 18 5 26
Basin Complex 97
Exirey - 02-04 Ukonom Complex 18 57 17
Canyon Complex 50 1 i 30
& CUB Complex 47 1 26 6 7
- 04-08 MEU Lightning Complex 15 32 32
American River Complex 58
T R s ; ;
Badger Mountain, WA 26 10
Alps Complex 1 15 5 6 ]
Siskiyou Complex 12 3 1
Whiskeytown Complex 3 i 3 1 2




Exceptional Event Analysis

To determine whether National Ambient Air Quality Standard (NAAQS)
exceedances are the result of an exceptional event (e.g., one or more
large wildfires) it must be shown that the exceedances would not have
occured without the event. PM. s is modeled as two separate layers by the

BlueSky Gateway Experimental Modeling System, one layer for smoke and
one for all other pollution sources.

The modeled 24-hour PM; 5 concentrations from non-fire, fire, and combined
sources are shown here. In this case, fire sources dominate. The modeling
suggests that none of the analysis cities would have violated the standards

if the fires were absent and these exceedances could be argued to be
exceptional events.

Observed concentrations were also examined to verify the model predictions.
Measurments from the AIRNow Program are plotted on the total PM2s map and

on the graph for analysis cities that had reporting monitors for this date. In this
case, the model performed very well.

Modeled Non-Fire PMs 5

= Model Non-Fire PM2.5

Ukiah

Tahoe

SF

Salinas

Sacramento

Modesto

Eureka

Chico

Modeled and Monitored PM, ; Contribution

= Model Fire PM2.5 @ Observed PM2.5

50 100 150
24-hr Average PM, ; (um/m3)

Modeled Fire PMs 5

I, S ____'l_____“

20



Northern California Fires 2008

Experimental Wildfire Smoke Impact Forecast Issued September 13,2008 [
Sept. 12-14,2008: Night Sept. 14, 200B: Day

Sept.13,2008: Day

Daily Forecast
Graphics

3 day, 2 night outlook
Prepared by air S = ' —\\\
guality meteorologist '

\
P

\'E, 2!
i !
B ‘ S8l =Hu-]'_:‘

Legend

Forecast text
summary

1 Arrows represent 12-hour forward
mean wind trajectories at 50 m abowve
graund level, ending at 8 a.m. far day
time and 3 p.m. Tor might time
foracasts,

http://cefa.dri.edu/
california

Peak 8-hour average PMa.s
concentrations (ug/m3)

@ Low: 20t05¢
@ wedium: 51 m 79
@ Hign: sote 300

. Severe: =300

Day: 10 am.to % pum.
Might: 10 pm.to 9 a.m.

STi

Bonome Technolagy, bre.

1This product enly Includes predicted ali gquality Impact: dueto wikifire, For official air quality forecasts, go [o alfow.gov of check your local alr quality district website,



AQUIPT: Longer-range planning

air quality impacts planning tool

Example: planning fire next Spring
Can’t say what impacts will be
But can use history as a guide

+

Probabilistic
Future

Impacts

Emissions + Dispersion
Modeling Modeling
~

Web Interface



AQUIPT: Accessible through web

air quality impacts planning tool

3 AQUIPT - Air Quality Impacts Plannin ol - Mozilla Firefox
Flle Edit Wiew History Bookmarks Tools Help

@I » - @ ﬂ} ‘@ http: i flocalhost: 3084 fAQUIPT frequest . jspPstep=3 |" Dl i'

m Customize Links E: Free Hotmall [ | Windows Marketplace m windows Media | | Windows || STIIntranet || ColdFusion Upload File E FogBugz @ MySQL I5P,15P Exam... | | Stored Proceduresin ...

@ Disable * & cookies v €55 + ] Forms ~ (3] Images @ Information + () Miscellaneous + o/ Outline ~ & & Resize = o Tools = {2 iew Sourcs = 2 Options = v 0O w

Air Quality Impacts Planning Tool

) _ =y N ki o
[ Submit Request l Requeststatus\ Manage Account Admin |

! Request Description - Emission Source Characteristics -
A s e e

Analysis Dates -

ysis Dates
Month/Day

© ‘January V‘ 1 m| January V‘ I
= &

2005
2004
2003
2002 el

2008

Apply Weather Criteria Filter: Yes (™ |

Max
< Temperature < D @EI
El < Relative Humidity < D I@
S < S <1 | ones v
D < ‘Wind Direction < E @
] < Ventilation Index < D@E

| AiFIRE Home - Forest Service

Mz

Piena

ATIAOSPHIRE & FRE INTERACTIONS

RESEARCH & ENGINFRING



AQUIPT: Summary

Average Impact Maximum Impact
Jan1-14 1980 SJV Area Release Test Jan 1-14 1880 SJV Area Release Test

100.0163 10000185

90.0 1000

Provides statistical | .
answer to “what would | ..
have happened?”

Provide basic source

30.0 30
info, it does the rest "
“on,
10.0 10
N t I t f. ;glm(“];] s ;gImA:? L
O J u S I re - Min- 00 :ta (nzusaﬁ 51)',1&!;?2 a2 at (52,137) i Min=  © :ta(r:;:r%]}'ﬁg?cf e (51.137) :
35 ug/m*3 Threshold Impact Percentage of Time Impact (5% level)
Jan 1-14 1880 SJV Area Release Test Jan 1-14 1980 SJV Area Release Test

100.0155 100.0 155
Uses 1979-2006

90.0 90.0
climatology

70.0 70.0

60.0 60.0
24-hr turnaround

40.0 40.0

30.0 30.0
Working on better
g raph iCS 10.0 10.0

2 %0z pos = o ugl&‘g e 73

January 1,1980 0:00:00 January 1,1880 0:00:00
Min= 0.0 at(32.123) Max= 85.1 at(52,137) Min= 0.0 at (30,117). Max=100.0 at (53,132)



WFDSS - Smoke Component

Probabilistic smoke
impacts to go with
FSPRO’s probabilistic
fire growth

Working w/
Mark Finney

1000163

40.0

= 00
~3 115
ugm3 115 =

100.0155

Average Impact
Jan1-14 1980 SJV Area Release Test

T s

January 1,1980 0:00:00
Min= 00 at(25,115), Max-  767.2 at (52,137)

35 ug/m*3 Threshold Impact

Jan 1-14 1980 SJV Area Release Test

73

40.0

123
32

January 1,1980 0:00:00
Min= 0.0 at(32.123) Max= 85.1 at(52,137)

ral

10000185

Maximum Impact
Jan 1-14 1880 SJV Area Release Test

1000

250

100

50

30

20

= 0
ugim"3 %

100.0 155

January 1,1980 0:00:00
Min=  ©0at(19,111) Max= 7505 at(51.137)

Percentage of Time Impact (5% level)
Jan 1-14 1980 SJV Area Release Test

73

January 1,1980 0:00:00
Min= 0.0 at (30,117). Max=100.0 at (53,132)

73



Thank you

Funding from National Fire Plan, USDA CSREES NRI, USFS, Joint
Fire Science Program, EPA, DOI, and NASA ROSES DSS.

http://getBlueSky.org
Sim Larkin Sean Raffuse
206-732-7849 707-665-9900

larkin@fs.fed.us sraffuse@sonomatech.com




